INTRODUCTION

1
The highest incidence rate of hip fractures worldwide has been reported in Oslo, Norway (1, 2). The 2 causes of these high rates in Norway, and in the other Scandinavian countries, are not known (1).
3
Considerable attention has been given to the relation between low vitamin D status and osteoporotic 4 fractures.
6
Vitamin D is essential for intestinal calcium absorption and for maintaining calcium homeostasis and 7 skeletal integrity (3). A well-known consequence of vitamin D deficiency is secondary 8 hyperparathyroidism which may lead to bone resorption, osteoporosis, and increased fracture risk (3).
9
Some (4-6) but not other (7, 8) calcium status (7, 8) . However, vitamin D may not influence fracture risk through bone metabolism 13 only, but also through muscle function and risk of falling (9) .
15
Most prospective studies investigating the role of vitamin D status in fracture risk included a low 16 number of hip fractures and analyzed all fractures as outcome (7, (10) (11) (12) (13) (14) . Some have not been able to has not been established for vitamin D alone (18) (19) (20) . In a re-analysis of data from 11 RCTs, only the 1 highest actual intake levels (>=792 IU/day) were significantly associated with reduced risk of hip 2 fracture (21).
4
The aim of this study was to investigate the association between serum 25-hydroxyvitamin D levels 5 (the sum of 25(OH)D2 + 25(OH)D3) and risk of hip fracture during up to 11 years follow-up in 6 community-dwelling older adults in the country with the world's highest hip fracture incidence. 7 8
MATERIALS AND METHODS
1
As part of the Norwegian Epidemiologic Osteoporosis Studies (NOREPOS) research collaboration 2 (www.norepos.no), we performed a gender-stratified case-cohort study (22, 23) 
9
The total cohort included 21,774 home-dwelling men and women aged 65-79 years. The lower age 10 limit was set to define an elderly group, and the higher age limit was set to reduce censoring due to 11 deaths. In Tromsø IV and HUNT 2, age distribution of participants at baseline was 65-79 years, while 12 the participants in HUSK comprised individuals age 70-73, and in HUBRO age 75-77. 
22
Participants answering "yes" to the question "Do you currently smoke cigarettes daily?" were defined 23 as smokers. Participants were categorized as physically active or inactive according to their response 24 on two four-graded questions concerning weekly frequency of hard and moderate physical activity 25 during leisure time. Education was assessed as number of years completed education. Questions on 26 whether the participant suffered or had ever suffered from chronic diseases, including osteoporosis, or 27 had experienced adverse events, including fracture of the wrist or hip, were answered with yes or no.
Open-ended questions about medication use were included in HUBRO, HUSK, and Tromsø IV, and 1 were coded according to the Anatomical Therapeutic Chemical Classification (ATC) System. Those 2 reporting medications with ATC codes G03 C and F were defined as estrogen therapy users. In HUNT 3 2, only women below 70 years were inquired about estrogen therapy, and those responding "currently" 4 were defined as current users. In addition, HUBRO included the question "Do you or have you used 5 oestrogen (tablets or patches)", and all those answering "yes, currently" to this question were also 6 included in the estrogen therapy users category. While 99.0% (1162 cases and 1338 non-cases) had 7 valid measurements of weight and height, the response rates on questionnaire data ranged from 98.5% 8 (self-rated health) to 77.6% (physical activity). Table 1 . Cases were on average older at baseline, and a higher 12 proportion of cases reported previous fractures. Among women, cases also had significantly lower 13 BMI, poorer self-rated health, higher smoking prevalence, and a higher prevalence of osteoporosis. 
26
We observed an inverse association between s-25(OH)D and hazard of hip fracture (Fig. 2) 
22
In additional analyses restricted to each study center, a similar association between s-25(OH)D and 23 risk of hip fracture was observed within all study centers. The risk estimates were higher in men than 24 in women, except in Tromsø where the risk estimate was higher in women. However, the only 25 significant associations were seen in HUBRO (180 hip fractures) where the overall HR (95% CI) for 26 Q1 vs. Q4 was 2.03 (1.12-3.69) in a BMI-adjusted model.
DISCUSSION
1
In this large case-cohort study we observed a modest inverse association between s-25(OH)D and hip 2 fracture during up to 10.7 years of follow-up. In our community-dwelling elderly population, there 3 was a 38% (95% CI 9-74%) increased risk of hip fracture in the lowest (<42.2 nmol/l) compared with 4 the highest quartile (>=69.7 nmol/l) of 25-hydroxyvitamin D after accounting for the effects of age, 5 gender, study center, and BMI. 6 7 In order to appraise our results relative to previous studies, we have plotted relative risks with 95% 8 confidence intervals for hip fracture at 25-hydroxyvitamin D concentrations below 50 nmol/l in 9 prospective studies including our own (Fig. 3) . In addition to our study, we identified published data 
23
The strengths of this study include the population-based approach, inviting age-specific samples of the 24 general population, and the prospective design with up to 10.7 years follow-up. The representativeness 25 is, however, limited by the participation rates. These varied between the study centers. In the age 1 As is common in cohort studies, the categorization of exposure was based on a single baseline 2 measurement. However, data from the Tromsø study suggest a satisfactory tracking of individual 3 25(OH)D levels in serum over 14 years, similar to that of blood pressure and serum lipids (38).
5
The large number of events is a major strength. As far as we are aware, this is the largest existing 6 study with hip fracture outcome and biochemical measurements at baseline, with serum sample 7 analyses and a large number of covariates available for 1175 subjects (868 women and 307 men) who 8 suffered a hip fracture during the observation period. We thus had sufficient statistical power to detect 
